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686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LPSOHPHQWHG WR VXJJHVW VRPH JXLGHOLQHV DERXW WKH XVHRI0<2DUPEDQG$QRWKHU TXHVWLRQQDLUHZLWK D IRFXV RQ HUJRQRPLF
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KXPDQFRPSXWHU LQWHUDFWLRQ 'XH WR WKH IDFW WKDW D UHFHQW WHFKQRORJ\ WKHUH LV QRZ D WUHQG RQ WUDQVODWLQJ WKH
LQWHUDFWLYHPDSVRIGHVLJQSDWWHUQVIRUWKLVQHZSHUVSHFWLYHRILQWHUDFWLRQWKXVHYDOXDWLQJWKHHIIHFWLYHQHVVDQGXVHU
VDWLVIDFWLRQ WR LQWHUDFWLYH WKHVH GHYLFHV 7KLV UHVHDUFK DLPV WR XQGHUVWDQG KRZ XVHUV XVH WKH PDLQ QDYLJDWLRQ
IXQFWLRQVLQLQWHUDFWLYHPDSVE\REVHUYLQJXVHUVXVLQJ$SSOH0DSV&RQQHFWRUVRIWZDUHDYDLODEOHIRU WKHZHDUDEOH









SUHIHUHQFHV LV LPSRUWDQW DQG DFFRUGLQJ WR 3DYORYLF HW DO >@ XQLQWHQWLRQDO PRYHPHQWV DUH FKDUDFWHUL]HG E\ QRW
FRQWDLQLQJ DQ\ LQIRUPDWLRQ WKDW PD\ EH UHDG E\ D V\VWHP 7KHUHIRUH D JHVWXUH LV VR QDPHG EHFDXVH LW FRQWDLQV
LQIRUPDWLRQ>@)LJXUHDLOOXVWUDWHV0<2$UPEDQGEODFNEDQG
7KHGHVLJQRILQWHUDFWLYHPDSVVKRZVVRPHFRQYHQWLRQVUHODWHGWRWRXFKVFUHHQJHVWXUHV>@DV=RRPSDQQLQJ















7KHUH DUH GLIIHUHQW WHFKQLTXHV IRU GHWHFWLQJ WKH PRYHPHQW RI WKH KDQGV LQ RUGHU WR LQWHUDFW DW DQ LQWHUIDFH
%KXL\DQ	3LFNLQJ>@IRXQGWKDWWKHXVHRIJHVWXUHVWRFRQWURODQLQWHUIDFHKDVEHHQUHVHDUFKHGVLQFHWKH
VIURP
GLIIHUHQWSHUVSHFWLYHVVXFKDV WKHXVHRISHQV WKDW UHDG WUDFHVJORYHV WKDWDOORZ LQWHUDFWLRQ LQGLVSOD\V ULQJV WKDW
52   Mithileysh Sathiyanarayanan and Tobias Mulling /  Procedia Computer Science  58 ( 2015 )  50 – 57 
WUDQVPLWJHVWXUHVJHQHUDWHGE\WKHILQJHUV WRFRPPHUFLDOGHYLFHVVXFKDV1LQWHQGR:,,DQG.LQHFW WKDWLQWHUSUHW




HVWDEOLVKHV WKH LQWHUSUHWDWLRQ RI JHVWXUHV IURP LPDJHV WKDW DUH W\SLFDOO\ JHQHUDWHG IURP D FDPHUD XVXDOO\
WUDQVIRUPHG LQWR JUD\VFDOH LPDJHV $V D FDPHUD DOORZV WKH LQWHUSUHWDWLRQ RI JHVWXUHV LQ MXVW WZR GLPHQVLRQV
GHYLFHV OLNH WKH0LFURVRIW.LQHFW DQGPRUH UHFHQWO\ /HDS0RWLRQ DUH DOVR HTXLSSHGZLWK DQ LQIUDUHG DSSDUDWXV


















WKH GHWHFWLRQ RI DUPPRYHPHQW ,08 FRQWDLQV D WKUHHD[LV J\URVFRSH WKUHHD[LV DFFHOHURPHWHU DQG D WKUHHD[LV








VXEVWLWXWHG E\ JHVWXUHV 7KH FUHDWLYH FRPSDQ\0<2 7KDOPLF /DEV SURYLGHV D 6'. WR DFFHVV GLIIHUHQW GHYLFH
IXQFWLRQV'XH WR ODUJHDPRXQWRIGDWDJHQHUDWHGE\HYHU\PRYHPHQWRI WKHDUPPXVFOHV WKHJDGJHW LVHTXLSSHG
ZLWKDSURFHVVRUUHVSRQVLEOHIRUDQDO\]LQJWKLVGDWDDQGSURYLGHDQDQVZHURQO\WRDOUHDG\VWDQGDUGL]HGFRPPDQGV
7KH SUHVHQW GHYLFH SURYLGHV RQO\ D IHZ FRPPDQGV ZDYH DV OHIW ULJKW DQG VSUHDG ILVW ILQJHUV DQG WKDW FDQ EH
FRPELQHGZLWK WKH URWDWLRQDOPRYHPHQW LQ DGGLWLRQ WR YHUWLFDO DQG KRUL]RQWDOPRYHPHQWV 6RPH UHVHDUFKHUV >@
KDYHSURSRVHGDQLQFUHDVHLQWKHYRFDEXODU\RIJHVWXUHVIURPWKHXVHRIFXUUHQW0<2JHVWXUHVZLWKWKHGHVLJQRI
QXPEHUV DQG OHWWHUV LQ WKH' VSDFH KRZHYHU WKLV SUDFWLFHJHQHUDWHV D FRJQLWLYHEXUGHQRQ XVHUV KLQGHULQJ WKH
LPSOHPHQWDWLRQRIJHVWXUH DQGPHPRUL]LQJ WKHJHVWXUHV6RRQ LW LV H[SHFWHG WKDW WKHZHDUDEOHZLOO VXSSRUW RWKHU
JHVWXUHV

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)LJXUH0<20DSV&RPPDQGV6RXUFH0<2

,Q RXU VWXG\ WKH0<2DSSFRQQHFWRU DOORZV FRQWURO DQG QDYLJDWLRQ RQ DQ LQWHUDFWLYHPDS XVLQJ WKH JHVWXUHV





PRGHO 6\VWHP8VDELOLW\ 6FDOH LQ RUGHU WR XQGHUVWDQG WKH SHUIRUPDQFH RI XVHUV WR WKH VRIWZDUH$LPLQJ DW WKH
FRPSUHKHQVLRQ RI WKH HUJRQRPLF DVSHFWV RI JHVWXUDO LQWHUDFWLRQ WKURXJK WKH0<2 D VHFRQG TXHVWLRQQDLUH ZDV
GHYHORSHG
,Q WKLV VWXG\ ZH KDG  SDUWLFLSDQWV SLORW  SDUWLFLSDQWV DQG WKH PDLQ VWXG\  SDUWLFLSDQWV IURP WKH




















%URRNH 'LJLWDO (TXLSPHQW &RUSRUDWLRQ LQ WKH V 7KH 686 PRGHO KDV  TXHVWLRQV WR PHDVXUH D V\VWHP
XVDELOLW\RUDVRIWZDUHXQGHUUHYLHZZKHUHTXHVWLRQVDUHIUDPHGLQDSRVLWLYHZD\RGGTXHVWLRQVDQG
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 DQG WKH RWKHU  TXHVWLRQV LQ D QHJDWLYH ZD\ HYHQ TXHVWLRQV   DQG  )RU HDFK TXHVWLRQ WKHUH LV D
FRPPRQUDWLQJSRLQW/LNHUWVFDOH6WURQJO\DJUHH DQG6WURQJO\GLVDJUHH DQGWKHWRWDOVFRUHRIHDFK
SDUWLFLSDQW LVPXOWLSOLHGZLWK WRJHW WKH VFRUH UDQJHEHWZHHQ7KHQ ILQDOO\ WKHDYHUDJH VFRUHRIDOO WKH
SDUWLFLSDQWV LV FRQVLGHUHG 7KH WRWDO VFRUHV DUH FODVVLILHG DV IROORZV D   1RW $FFHSWDEOH E  








WR OHDUQXVH VWUHVVDQGRWKHUHUJRQRPLFVTXHVWLRQVZHUHSUHSDUHG IRUHDFKTXHVWLRQ WKHUH LVDFRPPRQ
UDWLQJ SRLQW /LNHUW VFDOH 6WURQJO\ DJUHH    DQG 6WURQJO\ GLVDJUHH    7KH VLPLODULW\ ZLWK WKH 686 VFDOH
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7DEOH$YHUDJH6FRUHRIHDFKSDUWLFLSDQW3WR3
3 3 3 3 3 3 3 3 3 3 3 3




















DW ILUVW VHHPV VWUDQJH DV D NLQG RI H[WHQVLRQ RI WKH DUP ,Q WKLV VHQVH WKH TXHVWLRQ ZKHWKHU WKH
SDUWLFLSDQWVZRXOGXVHWKHGHYLFHLQWKHLUGD\WRGD\OLIHIRXQGWKDWPRVWXVHUVZRXOGQRWZDQWWRXWLOL]H
WKH0<2RQDGDLO\EDVHVPRGH PHDQ VWDQGDUGGHYLDWLRQ 2QWKHRWKHUKDQGZKHQ
TXHVWLRQLQJWKHSDUWLFLSDQWVLIWKH\IHHOHPEDUUDVVHGWRXVHWKHGHYLFHLQSXEOLFWKHJHQHUDOSHUFHSWLRQLV
WKDWWKH\GRQRWIHHOHPEDUUDVVHGWREHZDWFKHGE\RQHPRGH PHDQ VWDQGDUGGHYLDWLRQ 






HDV\WRXVHPRGH PHDQ VWDQGDUGGHYLDWLRQ GHPRQVWUDWLQJWKHGLIILFXOW\RIXVH3DUW
RIWKLVUHVXOWLQDQHJDWLYHZD\PD\EHOLQNHGWRWKHIDFWWKDW$SSOH0DSVDSSOLFDWLRQDQGLWVLQWHUIDFH
DUH QRW QDWLYH WR WKH0<2 DSSOLFDWLRQV RQO\ DGDSWHG WR VXSSRUW WKH LQWHUDFWLRQ RI JHVWXUHV$QRWKHU
LPSRUWDQWIDFWLVWKDWIURPWKHREVHUYDWLRQRIWKHLQWHUDFWLRQRIWKHSDUWLFLSDQWVLWZDVQRWLFHGWKDWWKH
3 3 3 3 3 3 3 3 3 3 3
          
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GHYLFH GRHV QRW KDYH D SUHFLVH DQVZHU WR JHVWXUHV H[HFXWHG GLVSOD\V ODWHQF\ VRPHWLPHV FRQIXVLQJ
LQWHUSUHWHGJHVWXUHVDQGJHQHUDWLQJIUXVWUDWLRQLQXVHUV

&RPIRUW DQG DELOLW\ WR SHUIRUP JHVWXUHV WKH VWXG\ VKRZHG WKDW GHVSLWH WKH SUREOHPV VXEPLWWHG IRU WKH
LQWHUDFWLRQRI0<2DQG$SSOH0DSVSDUWLFLSDQWVIHOWFRPIRUWDEOHQRWRQO\ZKHQXVLQJWKHGHYLFHEXW











o:DYH/HIWPRGH PHDQ VWDQGDUGGHYLDWLRQ XVHGIRU=RRP,Q
o:DYH5LJKWPRGH PHDQ VWDQGDUGGHYLDWLRQ =RRP2XW
o6SUHDG)LQJHUVPRGH PHDQ VWDQGDUGGHYLDWLRQ XVHGWRDFWLYDWHSDQQLQJ
o)LVWPRGH PHDQ VWDQGDUGGHYLDWLRQ DFWLYDWHURWDWLRQ
o3DQPRGH PHDQ VWDQGDUGGHYLDWLRQ WRPRYHWKHPDS

$QDO\]LQJ WKHUHVXOWV\RXFDQVHH WKDWDPDMRUHIIRUW LV UHTXLUHG WRUXQHDFKFRPPDQGLQ0<2JHQHUDWLQJDQ
LQWHQVHVWUHVVZKHQSHUIRUPLQJHDFKLQWHUDFWLRQ%\REVHUYLQJXVHUVGXULQJWKHWHVWLWZDVUHYHDOHGWKDWSDUWRIWKH
HIIRUWZDVDVVRFLDWHGZLWKSUREOHPV LQ UHDGLQJVHQVRURI WKHPRYHPHQWRI WKHPXVFOHV (0*ZKLFKVRPHWLPHV
SOD\HGDJHVWXUHWKHZURQJZD\7KHSUREOHPVUHODWHGWRVWUHQJWKVWUHVVLVVDQFWLRQHGIURPWKHJHQHUDOSHUFHSWLRQ








VRIWZDUH PDSV $SSOH 0DSV ,Q UHODWLRQ WR JHVWXUH UHFRJQLWLRQ WKH DFFXUDF\ RI JHVWXUHV H[HFXWLRQ VKRXOG EH
RSWLPL]HG EHFDXVH DW VRPH LQWHUDFWLRQV WKH 0<2 FRQIXVHV WKH HOHFWULFDO VLJQDOV RI D JHVWXUH WR DQRWKHU WKXV
FUHDWLQJ IUXVWUDWLRQ IRUXVHUV DQGDSRVVLEOHGLVWUXVW LQ WKH V\VWHP)XUWKHUPRUH WKHH[HFXWLRQRIDFWLRQVPXVWEH
SHUIRUPHGZLWK FRQVLGHUDEOH HPSKDVLV OHDGLQJ WR DQ LQWHUDFWLRQZKLFK FDQ OHDG WR IDWLJXH DQG GLVFRPIRUW WR WKH
XVHU 7KH RSWLPL]DWLRQ RI 0<2 JHVWXUHV UHDGLQJ SURFHVV E\ JHQHUDWLQJ D PRUH QDWXUDO LQWHUDFWLRQ EHFRPHV
LPSRUWDQWFRQWULEXWLRQLQRUGHUWRHQKDQFHWKHXVHUH[SHULHQFHXVLQJWKHGHYLFH>@
7KLVH[SORUDWRU\ VWXG\H[DPLQHGKRZJHVWXUDO LQWHUDFWLRQKDVRFFXUUHGZLWKSRWHQWLDO XVHUVRI0<2ZKHUH LW
ZDVGHWHFWHG WKDW WKHGHYLFH VKRXOG DOVR HYROYH LQ WKLV VHJPHQW+RZHYHU VRPHRI WKHQHJDWLYH UHYLHZVPD\EH
DVVRFLDWHGZLWKSHUFHSWLRQRIXVHUVRQWKLVSDUDGLJPRILQWHUDFWLRQIRUQRWEHLQJSRSXODUDPRQJXVHUVDVZHOODV
VRIWZDUH WKDW QHHG WR EH GHVLJQHG IRFXVLQJ RQ QRW RQO\ WKH LQWHUDFWLRQ IURP KDQGV DQG DUPV EXW DOLJQHG WR
QDYLJDWLRQDQGLQWHUDFWLRQFKDUDFWHULVWLFVRIHDFKGHYLFH
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$FNQRZOHGJHPHQWV
7KLVZRUNZDV XQGHUWDNHQZLWK VXSSRUW IURP&RRUGHQDomR GH$SHUIHLoRDPHQWR GH 3HVVRDO GH1tYHO 6XSHULRU
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